esp@cenet document view 



BEST AVAILABLE COPY 



Page 1 of 2 



Wafer probe station having integrated guarding, Kelvin connection and 
shielding systems. 



Patent number; 
Publication date: 
Inventor: 



Applicant: 
Classification: 

- international: 

- european: 
Application number: 
Priority number(s): 



EP0574149 
1993-12-15 

SCHWINDT RANDY J (US); HARWOOD WARREN K 
(US); TERVO PAUL A (US); SMITH KENNETH R (US); 
WARNER RICHARD H (US); ANDREWS PETER D (US) 
CASCADE MICROTECH INC (US) 

G01R1/067; G01R31/28; H01L21/687; G01R1/067; 
G01R31/28; H01L21/67; (IPC1-7): H01L21/00 
G01R1/067B; G01R31/28G5; H01L21/687S 
EP1 9930303936 19930520 
US1 9920896853 19920611 



Also published as: 

|| US5345170 (A1) 
W JP6053293(A) 
m EP0574149 (B1) 



Cited documents: 

1 EP0201205 
m US4056777 
1 XP000095937 



Report a data error here 



Abstract of EP0574149 

A probe station is equipped with an integrated 
guarding system which facilitates the use of the 
station for low-current measurements, as well as 
integrated Kelvin connections to eliminate voltage 
losses caused by line resistances. The station 
has a chuck assembly (20) which consists of at 
least three chuck assembly elements (80, 81, 
83). A first element (80) supports the test device, 
while an underlying second element (81) acts as 
a guard to reduce leakage currents. These 
elements are electrically insulated from each 
other and from their underlying supporting 
structure, which is the third element (83). Ready- 
to-use, selectively detachable electrical 
connector assemblies (108, 110) provide for 
signal and guard connections to the first and 
second chuck assembly elements (80, 81) 
respectively, as well as providing Kelvin 
connections thereto. The capacitance between 
the respective chuck assembly elements (80, 81 , 
83) is extremely low due to the provision of air 
space as the primary electrical insulator. Unique 
electrical connectors (128, 130) for individually- 
positionable probes (30) provide both guarding 
and Kelvin connection capability together with 
separate EMI shielding movable in unison with 
each probe individually. 
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0 Wafer probe station having integrated guarding, Kelvin connection and shielding systems. 
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© A probe station is equipped with an integrated 
guarding system which facilitates the use of the 
station for low-current measurements, as well as 
integrated Kelvin connections to eliminate voltage 
losses caused by line resistances. The station has a 
chuck assembly (20) which consists of at least three 
chuck assembly elements (80, 81, 83). A first ele- 
ment (80) supports the test device, while an under- 
lying second element (81 ) acts as a guard to reduce 
leakage currents. These elements are electrically 
insulated from each other and from their underlying 
supporting structure, which is the third element (83). 
Ready-to-use, selectively detachable electrical con- 



nector assemblies (108, 110) provide for signal and 
guard connections to the first and second chuck 
assembly elements (80, 81) respectively, as well as 
providing Kelvin connections thereto. The capaci- 
tance between the respective chuck assembly ele- 
ments (80, 81, 83) is extremely low due to the 
provision of air space as the primary electrical in- 
sulator. Unique electrical connectors (128, 130) for 
individually-positionable probes (30) provide both 
guarding and Kelvin connection capability together 
with separate EMI shielding movable in unison with 
each probe individually. 
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Background of the Invention 

The present invention is directed to probe sta- 
tions adapted for making highly accurate low-cur- 
rent and low-voltage measurements of wafers and 
other electronic test devices. More particularly, the 
invention relates to such a probe station having a 
guarding system for preventing current leakage, a 
Kelvin connection system to eliminate voltage 
losses caused by line resistances, and an elec- 
tromagnetic interference (EMI) shielding system. 

The technique of guarding to minimize current 
leakage during low-current measurements, the use 
of Kelvin connections for low-voltage measure- 
ments, and the provision of EMI shielding are all 
well known and discussed extensively in the tech- 
nical literature. See, for example, an article by 
William Knauer entitled "Rxturing for Low- 
Current/Low-Voltage Parametric Testing," appear- 
ing in Evaluation Engineering, November, 1990, 
pages 150-153. See also Hewlett-Packard, 
"Application Note 356-HP 4142B Modular DC 
Source/Monitor Practical Application," (1987) pages 
1-4, and Hewlett-Packard, H-P Model 4284A Preci- 
sion LCR Meter , Operation Manual (1991) pages 2- 
1 , 6-9, and 6-1 5. 

In guarding applications, a conductor surround- 
ing or otherwise closely adjacent to a low-current 
line or circuit is maintained at the same potential as 
the line or circuit to reduce leakage currents there- 
from, so that low-current measurements can be 
made accurately. 

Kelvin connections compensate for voltage 
losses caused by line resistances which would 
otherwise cause errors in low-voltage measure- 
ments. This is accomplished by providing a source 
line and a measurement line (also referred to com- 
monly as "force" and "sense" lines, respectively) 
to an interconnection point (the Kelvin connection) 
which is as close to the test device as possible. A 
high-impedance voltmeter is connected to this in- 
terconnection point through the measurement line 
to accurately detect the voltage without any signifi- 
cant flow of current or resultant voltage drop in the 
measurement line. This avoids the error which 
would otherwise occur if the voltmeter were to 
detect the voltage through the source line, due to 
the voltage drop that occurs in the source line. 

Probe stations have previously been used for 
conducting tests with guarding, Kelvin connection, 
and EMI shielding techniques. However the custom 
set-up of such probe stations required for guarding 
and Kelvin connection procedures is time-consum- 
ing and, in some instances, limited as to effective- 
ness. For example, in an article by Yousuke 
Yamamoto, entitled "A Compact Self-Shielding Pro- 
ber for Accurate Measurement of On-Wafer Elec- 
tron Devices," appearing in IEEE Transactions on 



Instrumentation and Measurement, Volume 38, No. 
6, December, 1989, pages 1088-1093, a probe 
station is shown having a respective detachable 
triaxial connector mounted on the probe card and 

5 the chuck assembly which supports the test de- 
vice. The intermediate connector element of a tri- 
axial connector normally is utilized for guarding 
purposes. However the chuck assembly shown has 
only a chuck and a shield, with no separate guard- 

io ing structure to which the intermediate connector 
element could be connected. Accordingly signifi- 
cant time-consuming alteration of such a station 
would be required to obtain both a guarded and 
shielded chuck assembly. The probes on the probe 

75 card, on the other hand, are both guarded and 
shielded; however there is no means of enabling 
each probe to be moved independently of the 
others in unison with its guard and shield to ac- 
commodate different contact patterns of test de- 

20 vices, thus sacrificing flexibility of the probe station. 
Also, there is no provision for Kelvin connections 
on the chuck assembly, which would require more 
than a single triaxial connector as shown. 

Chuck assemblies are available which provide 

25 guarding and shielding components. For example, 
Temptronic Corporation of Newton, Massachusetts 
markets a thermal chuck assembly atop which is 
mounted an "add-on" supporting surface for the 
test device, with a copper guarding layer inter- 

30 posed between the add-on surface and the under- 
lying chuck assembly insulated from each by re- 
spective sheets of insulating material. This struc- 
ture permits a signal line to be soldered to the add- 
on surface, a guard line to be soldered to the 

35 copper guarding layer, and a ground line to be 
soldered to the under-lying chuck assembly which 
can then serve as a shield. However such wiring 
requires time-consuming set-up, and particularly so 
if Kelvin connections are also required. Moreover, 

40 the use of sheet insulation to insulate the copper 
guarding layer from the add-on surface and the 
underlying chuck assembly fails to provide as low 
a dielectric constant between the respective ele- 
ments as is desirable to minimize leakage currents 

45 in view of the low level of current to be measured. 

Summary of the Invention 

The present invention solves the foregoing 
50 drawbacks of the prior probe stations by providing 
a probe station having integrated and ready-to-use 
guarding, Kelvin connection and shielding systems, 
both for individually movable probes and for the 
chuck assembly. 
55 The chuck assembly comprises at least first, 

second and third chuck assembly elements elec- 
trically insulated from one another and positioned 
at progressively greater distances from the probe- 
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(s) along the axis of approach between them. At 
least one detachable electrical connector assembly 
is provided on the chuck assembly having respec- 
tive connector elements connected matingly to the 
first and second chuck assembly elements, respec- 
tively, so as to provide a ready-to-use guarding 
system requiring only the easy detachable connec- 
tion of a guarded cable to the connector assembly 
for immediate operability. 

Preferably, a second such detachable electrical 
connector assembly is also provided having its 
corresponding connector elements connected, in 
parallel with those of the first connector assembly, 
to the first and second chuck assembly elements 
so as to provide a ready-to-use guarded Kelvin 
connection on the chuck assembly which becomes 
immediately operable by the easy detachable con- 
nection of a second guarded cable to the second 
connector assembly. Thus one cable serves as a 
guarded source line and the other serves as a 
guarded measurement line. 

Leakage currents in the chuck assembly are 
minimized by the fact that the three chuck assem- 
bly elements are electrically insulated from one 
another by distributed patterns of dielectric spac- 
ers, rather than continuous dielectric sheets, so that 
large air gaps are provided between the respective 
chuck assembly elements to reduce the dielectric 
constant in the gaps between the elements. 

Individually movable probe holders are pro- 
vided having not only ready-to-use guarded signal 
line cables and Kelvin connection cables, but also 
respective shields for the cables of each probe, the 
shields being movable independently in unison with 
each probe separately. 

The foregoing and other objectives, features, 
and advantages of the invention will be more read- 
ily understood upon consideration of the following 
detailed description of the invention, taken in con- 
junction with the accompanying drawings. 

Brief Description of the Drawings 

FIG. 1 is a partial front view of an exemplary 
embodiment of a wafer probe station constructed in 
accordance with the present invention. 

FIG. 2 is a top view of the wafer probe station 
of FIG. 1. 

FIG. 2A is a partial top view of the wafer probe 
station of FIG. 1 with the enclosure door shown 
partially open. 

FIG. 3 is a partially sectional and partially sche- 
matic front view of the probe station of FIG. 1 . 

FIG. 3A is an enlarged sectional view taken 
along line 3A-3A of FIG. 3. 

FIG. 4 is a top view of the sealing assembly 
where the motorized positioning mechanism ex- 
tends through the bottom of the enclosure. 



FIG. 5A is an enlarged top detail view taken 
along line 5A-5A of FIG. 1. 

FIG. 5B is an enlarged top sectional view taken 
along line 5B-5B of FIG. 1. 
5 FIG. 6 is a partially schematic top detail view of 

the chuck assembly, taken along line 6-6 of FIG. 3. 

FIG. 7 is a partially sectional front view of the 
chuck assembly of FIG. 6. 

FIG. 8 is a partially sectional side view of a 
70 probe holder and probe. 

FIG. 9 is a partially sectional bottom view taken 
along line 9-9 of FIG. 8. 

Description of the Preferred Embodiment 

General Arrangement of Probe Station 

With reference to FIGS. 1, 2 and 3, an exem- 
plary embodiment of the probe station of the 

20 present invention comprises a base 10 (shown par- 
tially) which supports a platen 1 2 through a number 
of jacks 14a, 14b, 14c, I4d which selectively raise 
and lower the platen vertically relative to the base 
by a small increment (approximately one-tenth of 

25 an inch) for purposes to be described hereafter. 
Also supported by the base 10 of the probe station 
is a motorized positioner 16 having a rectangular 
plunger 18 which supports a movable chuck as- 
sembly 20 for supporting a wafer or other test 

30 device. The chuck assembly 20 passes freely 
through a large aperture 22 in the platen 12 which 
permits the chuck assembly to be moved indepen- 
dently of the platen by the positioner 16 along X. Y 
and Z axes, i.e. horizontally along two mutually- 

35 perpendicular axes X and Y, and vertically along 
the Z axis. Likewise, the platen 12, when moved 
vertically by the jacks 14, moves independently of 
the chuck assembly 20 and the positioner 16. 

Mounted atop the platen 12 are multiple in- 

40 dividual probe positioners such as 24 (only one of 
which is shown), each having an extending mem- 
ber 26 to which is mounted a probe holder 28 
which in turn supports a respective probe 30 for 
contacting wafers and other test devices mounted 

45 atop the chuck assembly 20. The probe positioner 
24 has micrometer adjustments 34, 36 and 38 for 
adjusting the position of the probe holder 28, and 
thus the probe 30, along the X, Y and Z axes 
respectively, relative to the chuck assembly 20. 

so The Z axis is exemplary of what is referred to 
herein loosely as the "axis of approach" between 
the probe holder 28 and the chuck assembly 20, 
although directions of approach which are neither 
vertical nor linear, along which the probe tip and 

55 wafer or other test device are brought into contact 
with each other, are also intended to be included 
within the meaning of the term "axis of approach." 
A further micrometer adjustment 40 adjustably tilts 
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the probe holder 28 to adjust planarity of the probe 
with respect to the wafer or other test device sup- 
ported by the chuck assembly 20. As many as 
twelve individual probe positioners 24, each sup- 
porting a respective probe, may be arranged on 
the platen 12 around the chuck assembly 20 so as 
to converge radially toward the chuck assembly 
similarly to the spokes of a wheel. With such an 
arrangement, each individual positioner 24 can in- 
dependently adjust its respective probe in the X, Y 
and z directions, while the jacks 14 can be ac- 
tuated to raise or lower the platen 12 and thus all 
of the positioners 24 and their respective probes in 
unison. 

An environment control enclosure is composed 
of an upper box portion 42 rigidly attached to the 
platen 12, and a lower box portion 44 rigidly at- 
tached to the base 10. Both portions are made of 
steel or other suitable electrically conductive ma- 
terial to provide EMI shielding. To accommodate 
the small vertical movement between the two box 
portions 42 and 44 when the jacks 14 are actuated 
to raise or lower the platen 12, an electrically 
conductive resilient foam gasket 46, preferably 
composed of silver or carbon-impregnated silicone, 
is interposed peripherally at their mating juncture at 
the front of the enclosure and between the lower 
portion 44 and the platen 12 so that an EMI, 
substantially hermetic, and light seal are all main- 
tained despite relative vertical movement between 
the two box portions 42 and 44. Even though the 
upper box portion 42 is rigidly attached to the 
platen 12, a similar gasket 47 is preferably inter- 
posed between the portion 42 and the top of the 
platen to maximize sealing. 

With reference to FIGS. 5A and 5B, the top of 
the upper box portion 42 comprises an octagonal 
steel box 48 having eight side panels such as 49a 
and 49b through which the extending members 26 
of the respective probe positioners 24 can pene- 
trate movably. Each panel comprises a hollow 
housing in which a respective sheet 50 of resilient 
foam, which may be similar to the above-identified 
gasket material, is placed. Slits such as 52 are 
partially cut vertically in the foam in alignment with 
slots 54 formed in the inner and outer surfaces of 
each panel housing, through which a respective 
extending member 26 of a respective probe posi- 
tioner 24 can pass movably. The slitted foam per- 
mits X, Y and Z movement of the extending mem- 
bers 26 of each probe positioner, while maintaining 
the EMI, substantially hermetic, and light seal pro- 
vided by the enclosure. In four of the panels, to 
enable a greater range of X and Y movement, the 
foam sheet 50 is sandwiched between a pair of 
steel plates 55 having slots 54 therein, such plates 
being slidable transversely within the panel housing 
through a range of movement encompassed by 



larger slots 56 in the inner and outer surfaces of 
the panel housing. 

Atop the octagonal box 48, a circular viewing 
aperture 58 is provided, having a recessed circular 

5 transparent sealing window 60 therein. A bracket 
62 holds an apertured sliding shutter 64 to selec- 
tively permit or prevent the passage of light 
through the window. A stereoscope (not shown) 
connected to a CRT monitor can be placed above 

io the window to provide a magnified display of the 
wafer or other test device and the probe tip for 
proper probe placement during set-up or operation. 
Alternatively, the window 60 can be removed and a 
microscope lens (not shown) surrounded by a foam 

75 gasket can be inserted through the viewing ap- 
erture 58 with the foam providing EMI, hermetic 
and light sealing. 

The upper box portion 42 of the environment 
control enclosure also includes a hinged steel door 

20 68 which pivots outwardly about the pivot axis of a 
hinge 70 as shown in FIG. 2A. The hinge biases 
the door downwardly toward the top of the upper 
box portion 42 so that it forms a tight, overlapping, 
sliding peripheral seal 68a with the top of the upper 

25 box portion. When the door is open, and the chuck 
assembly 20 is moved by the positioner 16 be- 
neath the door opening as shown in FIG. 2A, the 
chuck assembly is accessible for loading and un- 
loading. 

30 With reference to FIGS. 3 and 4, the sealing 

integrity of the enclosure is likewise maintained 
throughout positioning movements by the motor- 
ized positioner 16 due to the provision of a series 
of four sealing plates 72, 74, 76 and 78 stacked 
35 slidably atop one another. The sizes of the plates 
progress increasingly from the top to the bottom 
one, as do the respective sizes of the central 
apertures 72a, 74a, 76a and 78a formed in the 
respective plates 72, 74, 76 and 78, and the ap- 
40 erture 79a formed in the bottom 44a of the lower 
box portion 44. The central aperture 72a in the top 
plate 72 mates closely around the bearing housing 
18a of the vertically-movable plunger 18. The next 
plate in the downward progression, plate 74, has an 
45 upwardly-projecting peripheral margin 74b which 
limits the extent to which the plate 72 can slide 
across the top of the plate 74. The central aperture 
74a in the plate 74 is of a size to permit the 
positioner 16 to move the plunger 18 and its bear- 
so ing housing 18a transversely along the X and Y 
axes until the edge of the top plate 72 abuts 
against the margin 74b of the plate 74. The size of 
the aperture 74a is, however, too small to be un- 
covered by the top plate 72 when such abutment 
55 occurs, and therefore a seal is maintained between 
the plates 72 and 74 regardless of the movement 
of the plunger 18 and its bearing housing along the 
X and Y axes. Further movement of the plunger 18 
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and bearing housing in the direction of abutment of 
the plate 72 with the margin 74b results in the 
sliding of the plate 74 toward the peripheral margin 
76b of the next underlying plate 76. Again, the 
central aperture 76a in the plate 76 is large enough 
to permit abutment of the plate 74 with the margin 
76b, but small enough to prevent the plate 74 from 
uncovering the aperture 76a, thereby likewise 
maintaining the seal between the plates 74 and 76. 
Still further movement of the plunger 18 and bear- 
ing housing in the same direction causes similar 
sliding of the plates 76 and 78 relative to their 
underlying plates into abutment with the margin 
78b and the side of the box portion 44, respec- 
tively, without the apertures 78a and 79a becoming 
uncovered This combination of sliding plates and 
central apertures of progressively increasing size 
permits a full range of movement of the plunger 18 
along the X and Y axes by the positioner 16, while 
maintaining the enclosure in a sealed condition 
despite such positioning movement. The EMI seal- 
ing provided by this structure is effective even with 
respect to the electric motors of the positioner 16, 
since they are located below the sliding plates. 

Chuck Assembly 

With particular reference to FIGS. 3, 6 and 7, 
the chuck assembly 20 is of a unique modular 
construction usable either with or without an envi- 
ronment control enclosure. The plunger 18 sup- 
ports an adjustment plate 79 which in turn supports 
first, second and third chuck assembly elements 
80, 81 and 83, respectively, positioned at progres- 
sively greater distances from the probe(s) along the 
axis of approach. Element 83* is a conductive 
rectangular stage or shield 83 which detachably 
mounts conductive elements 80 and 81 of circular 
shape. The element 80 has a planar upwardly- 
facing wafer-supporting surface 82 having an array 
of vertical apertures 84 therein. These apertures 
communicate with respective chambers separated 
by O-rings 88, the chambers in turn being con- 
nected separately to different vacuum lines 90a, 
90b, 90c (FIG. 6) communicating through 
separately-controlled vacuum valves (not shown) 
with a source of vacuum. The respective vacuum 
lines selectively connect the respective chambers 
and their apertures to the source of vacuum to hold 
the wafer, or alternatively isolate the apertures from 
the source of vacuum to release the wafer, in a 
conventional manner. The separate operability of 
the respective chambers and their corresponding 
apertures enables the chuck to hold wafers of 
different diameters. 

In addition to the circular elements 80 and 81, 
auxiliary chucks such as 92 and 94 are detachably 
mounted on the corners of the element 83 by 



screws (not shown) independently of the elements 
80 and 81 for the purpose of supporting contact 
substrates and calibration substrates while a wafer 
or other test device is simultaneously supported by 

5 the element 80. Each auxiliary chuck 92, 94 has its 
own separate upwardly-facing planar surface 100, 
102 respectively, in parallel relationship to the sur- 
face 82 of the element 80. Vacuum apertures 104 
protrude through the surfaces 100 and 102 from 

70 communication with respective chambers within the 
body of each auxiliary chuck. Each of these cham- 
bers in turn communicates through a separate 
vacuum line and a separate independently-actuated 
vacuum valve (not shown) with a source of vacuum, 

75 each such valve selectively connecting or isolating 
the respective sets of apertures 104 with respect to 
the source of vacuum independently of the opera- 
tion of the apertures 84 of the element 80, so as to 
selectively hold or release a contact substrate or 

20 calibration substrate located on the respective sur- 
faces 100 and 102 independently of the wafer or 
other test device. An optional metal shield 1 06 may 
protrude upwardly from the edges of the element 
83 to surround the other elements 80, 81 and the 

25 auxiliary chucks 92, 94. 

All of the chuck assembly elements 80, 81 and 
83, as well as the additional chuck assembly ele- 
ment 79, are electrically insulated from one another 
even though they are constructed of electrically 

30 conductive metal and interconnected detachably by 
metallic screws such as 96. With reference to 
FIGS. 3 and 3A, the electrical insulation results 
from the fact that, in addition to the resilient dielec- 
tric O-rings 88, dielectric spacers 85 and dielectric 

35 washers 86 are provided. These, coupled with the 
fact that the screws 96 pass through oversized 
apertures in the lower one of the two elements 
which each screw joins together thereby preventing 
electrical contact between the shank of the screw 

40 and the lower element, provide the desired insula- 
tion. As is apparent in FIG. 3, the dielectric spacers 
85 extend over only minor portions of the opposing 
surface areas of the interconnected chuck assem- 
bly elements, thereby leaving air gaps between the 

45 opposing surfaces over major portions of their re- 
spective areas. Such air gaps minimize the dielec- 
tric constant in the spaces between the respective 
chuck assembly elements, thereby correspondingly 
minimizing the capacitance between them and the 

so ability for electrical current to leak from one ele- 
ment to another. Preferably the spacers and wash- 
ers 85 and 86, respectively, are constructed of a 
material having the lowest possible dielectric con- 
stant consistent with high dimensional stability and 

55 high volume resistivity. A suitable material for the 
spacers and washers is glass epoxy, or acetal 
homopolymer marketed under the trademark Delrin 
by E.I. DuPont. 
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With reference to FIGS. 6 and 7, the chuck 
assembly 20 also includes a pair of detachable 
electrical connector assemblies designated gener- 
ally as 108 and 110, each having at least two 
conductive connector elements 108a, 108b and 
110a, 110b, respectively, electrically insulated from 
each other, with the connector elements 108b and 
110b preferably coaxially surrounding the connec- 
tor elements 108a and 110a as guards therefor. If 
desired, the connector assemblies 108 and 110 
can be triaxial in configuration so as to include 
respective outer shields 108c, 110c surrounding 
the respective connector elements 108b and 110b, 
as shown in FIG. 7. The outer shields 108c and 
110c may, if desired, be connected electrically 
through a shielding box 112 and a connector sup- 
porting bracket 113 to the chuck assembly element 
83, although such electrical connection is optional 
particularly in view of the surrounding EMI shield- 
ing enclosure 42, 44. In any case, the respective 
connector elements 108a and 110a are electrically 
connected in parallel to a connector plate 114 
matingly and detachably connected along a curved 
contact surface 114a by screws 114b and 114c to 
the curved edge of the chuck assembly element 
80. Conversely, the connector elements 108b and 
110b are connected in parallel to a connector plate 
116 similarly matingly connected detachably to ele- 
ment 81. The connector elements pass freely 
through a rectangular opening 112a in the box 112, 
being electrically insulated from the box 112 and 
therefore from the element 83, as well as being 
electrically insulated from each other. Set screws 
such as 118 detachably fasten the connector ele- 
ments to the respective connector plates 114 and 
116. 

Either coaxial or, as shown, triaxial cables 118 
and 120 form portions of the respective detachable 
electrical connector assemblies 108 and 110, as do 
their respective triaxial detachable connectors 122 
and 1 24 which penetrate a wall of the lower portion 
44 of the environment control enclosure so that the 
outer shields of the triaxial connectors 122, 124 are 
electrically connected to the enclosure. Further tri- 
axial cables 122a, 124a are detachably connectable 
to the connectors 122 and 124 from suitable test 
equipment such as a Hewlett-Packard 4142B mod- 
ular DC source/monitor or a Hewlett-Packard 4284A 
precision LCR meter, depending upon the test ap- 
plication. If the cables 118 and 120 are merely 
coaxial cables or other types of cables having only 
two conductors, one conductor interconnects the 
inner (signal) connector element of a respective 
connector 122 or 124 with a respective connector 
element 108a or 110a, while the other conductor 
connects the intermediate (guard) connector ele- 
ment of a respective connector 122 or 124 with a 
respective connector element 108b, 11 0b. 



In any case, the detachable connector assem- 
blies 108, 110, due to their interconnections with 
the two connector plates 114, 116, provide imme- 
diately ready-to-use signal and guard connections 

5 to the chuck assembly elements 80 and 81, re- 
spectively, as well as ready-to-use guarded Kelvin 
connections thereto. For applications requiring only 
guarding of the chuck assembly, as for example 
the measurement of low-current leakage from a 

io test device through the element 80, it is necessary 
only that the operator connect a single guarded 
cable 122a from a test instrument such as a 
Hewlett-Packard 4142B modular DC source/monitor 
to the detachable connector 122 so that a signal 

75 line is provided to the chuck assembly element 80 
through the connector element 108a and connector 
plate 114, and a guard line is provided to the 
element 81 through the connector element 108b 
and connector plate 116. Alternatively, if a Kelvin 

20 connection to the chuck assembly is desired for 
low-voltage measurements, such as those needed 
for measurements of low capacitance, the operator 
need merely attach a pair of cables 122a and 124a 
to the respective connectors 122, 124 from a suit- 

25 able test instrument such as a Hewlett-Packard 
4284A precision LCR meter, thereby providing both 
source and measurement lines to the element 80 
through the connector elements 108a and 110a and 
connector plate 114, and guarding lines to the 

30 element 81 through the connector elements 108b 
and 110b and connector plate 116. 

Probe Assembly 



35 With reference to FIGS. 5B, 8 and 9, respective 

individually movable probes 30 comprising pairs of 
probe elements 30a are supported by respective 
probe holders 28 which in turn are supported by 
respective extending portions 26 of different probe 

40 positioners such as 24. Atop each probe positioner 
24 is a shield box 126 having a pair of triaxial 
connectors 128, 130 mounted thereon with respec- 
tive triaxial cables 132 entering each triaxial con- 
nector from a suitable test instrument as mentioned 

45 previously. Each triaxial connector includes a re- 
spective inner connector element 128a, 130a, an 
intermediate connector element 128b, 130b, and an 
outer connector element 128c, 130c in concentric 
arrangement. Each outer connector element 128c, 

so 130c terminates by connection with the shield box 
126. Conversely, the inner connector elements 
128a, 130a, and the intermediate connector ele- 
ments 128b, 130b, are connected respectively to 
the inner and outer conductors of a pair of coaxial 

55 cables 134, 136 which therefore are guarded ca- 
bles. Each cable 134, 136 terminates through a 
respective coaxial connector 138, 140 with a re- 
spective probe element 30a having a center con- 
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ductor 142 surrounded by a guard 144. In order to 
provide adequate shielding for the coaxial cables 
134, 136, especially in the region outside of the 
octagonal box 48, an electrically-conductive shield 
tube 146 is provided around the cables 134, 136 
and electrically connected through the shield box 
126 with the outer connector element 128c, 130c of 
the respective triaxial connectors 128, 130. The 
shield tube 146 passes through the same slit in the 
foam 50 as does the underlying extending member 
26 of the probe positioner 24. Thus each individ- 
ually movable probe 30 has not only its own sepa- 
rate individually movable probe holder 28 but also 
its own individually movable shield 146 for its 
guarded coaxial cables, which shield is movable in 
unison with the probe holder independently of the 
movement of any other probe holder by any other 
positioning mechanism 24. This feature is particu- 
larly advantageous because such individually mov- 
able probes are normally not equipped for both 
shielded and guarded connections, which deficien- 
cy is solved by the described structure. Accord- 
ingly, the probes 30 are capable of being used with 
the same guarding and Kelvin connection tech- 
niques in a ready-to-use manner as is the chuck 
assembly 20, consistently with full shielding de- 
spite the individual positioning capability of each 
probe 30. 

The terms and expressions which have been 
employed in the foregoing specification are used 
therein as terms of description and not of limitation, 
and there is no intention, in the use of such terms 
and expressions, of excluding equivalents of the 
features shown and described or portions thereof, it 
being recognized that the scope of the invention is 
defined and limited only by the claims which fol- 
low. 

Claims 

1. A probe station comprising: 

(a) a chuck assembly for holding a test 
device; 

(b) a holder for an electrical probe for con- 
tacting the test device; 

(c) a positioning mechanism for selectively 
moving at least one of said chuck assembly 
and said holder toward or away from the 
other along an axis of approach; 

(d) said chuck assembly comprising at least 
separate first, second and third chuck as- 
sembly elements electrically insulated from 
one another and positioned at progressively 
greater distances from said holder along 
said axis of approach, characterized in that 
said chuck assembly further includes at 
least one detachable electrical connector 
assembly for detachably receiving a cable 



from a test instrument, said connector as- 
sembly having at least two conductive con- 
nector elements electrically insulated from 
one another, each of said connector ele- 
5 ments being electrically connected matingly 

to a different respective one of said first and 
second chuck assembly elements and nei- 
ther being electrically connected to said 
third chuck assembly element. 

10 

2. The probe station of claim 1 wherein said 
chuck assembly includes a further said de- 
tachable electrical connector assembly having 
at least two further conductive connector ele- 
75 ments each electrically connected to a dif- 

ferent respective one of said first and second 
chuck assembly elements in parallel with the 
connector elements of said one detachable 
electrical connector assembly. 

20 

3- The probe station of claim 1 wherein each of 
said connector elements is detachably matin- 
gly connected to a different respective one of 
said first and second chuck assembly ele- 
25 ments. 

4. The probe station of claim 1 wherein a first 
one of said connector elements is surrounded 
by a second one of said connector elements, 

30 the first connector element being electrically 

connected to said first chuck assembly ele- 
ment, and the second connector element being 
electrically connected to said second chuck 
assembly element. 

35 

5. The probe station of claim 4 wherein said 
chuck assembly includes a further said de- 
tachable electrical connector assembly having 
further ones of said first and second connector 

40 elements electrically connected to said first 

and second chuck assembly elements in par- 
allel with said first and second connector ele- 
ments. 

45 6. The probe station of claim 1 wherein each of 
said chuck assembly elements further includes 
at least one surface area facing toward a sur- 
face area of another one of said chuck assem- 
bly elements, said chuck assembly further in- 

50 eluding dielectric spacers located between the 

respective surface areas of the respective 
chuck assembly elements, said spacers ex- 
tending over only portions of said surface 
areas so as to leave air gaps between other 

55 portions of said surface areas. 

7. The probe station of claim 6, further including 
threaded fasteners extending through said 
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spacers between the respective surface areas 
of said chuck assembly elements, and respec- 
tive insulators for electrically insulating said 
fasteners from at least one of said surface 
areas. 5 

8. The probe station of claim 1 wherein said 
positioning mechanism includes means for se- 
lectively moving said holder toward or away 
from said chuck assembly along an axis of 10 
approach and for selectively moving said hold- 
er relative to said chuck assembly along other 
axes perpendicular to said axis of approach, 
further including at least one electrical connec- 
tor associated with said holder and having first, 15 
second, and third connector elements elec- 
trically insulated from each other, an electrical 
cable, having first and second conductors elec- 
trically connected separately to said first and 
second connector elements, respectively, for 20 
interconnecting said first and second connector 
elements with said electrical probe, and an 
electrically conductive shield surrounding said 
electrical cable for shielding said cable against 
electromagnetic interference, said shield being 25 
electrically connected to said third connector 
element and being movable by said positioning 
mechanism in unison with said holder along 

said axis of approach and along said other 
axes. 30 

9. The probe station of claim 8 wherein said 
electrical connector is of a triaxial configuration 
having substantially concentric inner, interme- 
diate and outer connector elements which 35 
comprise said first, second and third connector 
elements respectively, and wherein said elec- 
trical cable is a coaxial cable having substan- 
tially concentric inner and outer conductors 
which comprise said first and second conduc- 40 
tors respectively. 

10. The probe station of claim 8 including a further 
said electrical connector having further first, 
second and third connector elements, and a 45 
further electrical cable having first and second 
conductors electrically connected separately to 

said further first and second connector ele- 
ments, said shield also surrounding said fur- 
ther electrical cable. 50 

11. The probe station of claim 8 including a further 
positioning mechanism for selectively moving 
a further holder for an electrical probe with 
respect to said chuck assembly, said shield 55 
being movable independently of any move- 
ment by said further positioning mechanism. 
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